ABSTRACT. Contemporary policy making calls for scientific support to anticipate the possible consequences of optional policy decisions on sustainable development. This paper presents an analytical framework for ex ante assessment of economic, social, and environmental impacts of policy driven land use changes that can be used as an aid to policy making. The tasks were to (1) link policy scenarios with land use change simulations, (2) link land use change simulations with environmental, social, and economic impacts through indicators, and (3) valuate the impacts in the context of sustainable development. The outcome was a basis for dialogue at the science-policy interface in the process of developing new policies on the European level that impact on land and land use. The analytical approach provides a logical thread for ex ante impact assessment within the context of sustainable development, land use multifunctionality, and land use change and it provides a thorough discussion of achievements and open challenges related to the framework. It concludes with considerations on the potential for using evidence based ex ante assessments in the process of policy development. The paper is complemented by a B-paper providing exemplary results from two applications of the framework: a financial reform scenario of the Common Agricultural Policy of the European Union, and a bioenergy policy scenario for the case of Poland (Helming et al. 2011) .
INTRODUCTION
Ex ante impact assessment for European policy making is carried out in several steps to analyze possible future implications of a policy before implementation (CEC 2009) . After having identified the policy problem, the objectives are defined and the main policy options developed. For every option, the intended and unintended impacts on social, economic, and environmental variables of the system are to be analyzed and compared. Until the present, most impact assessments have focused on better regulation and higher policy efficiency, whereas less effort has been put into a balanced impact analysis equally considering all three sustainability dimensions (Hertin et al. 2007 , Jacob et al. 2008 ). This may be accounted for by preferences of decision making bodies. However, the integrated analysis of sustainability impacts is also hindered by a lack of evidence-based methods that provide the causal knowledge and linkage between policy intervention and sustainability impacts (Böhringer and Löschel 2006) . Policy makers articulate their need for discussion support as an aid to policy making, preferably in the form of tools or methods that are flexible on the one hand and robust on the other (Thiel and König 2008) . On account of this, comprehensive inventories of impact assessment tools have been conducted for a variety of policy fields (Böhringer and Löschel 2006, Van Herwijnen 2008) . One shortcoming that was made obvious by the inventories was that most existing tools cover isolated aspects of impact assessment such as scenario analysis or accounting http://www.ecologyandsociety.org/vol16/iss1/art27/ approaches but do not provide a comprehensive framework of analyzing causal chain relationships between policy induced system changes and corresponding system responses (Lotze-Campen 2008) .
The need for a balanced assessment of all three sustainability dimensions is particularly relevant for policies related to land use. Land use comprises a combination of sectors and includes human activities that exhibit a spatial dimension and change the biogeophysical conditions of land. Impact assessment, therefore, has to consider simultaneously all spatially relevant aspects of these economic sectors as well as other activities that are linked to land. These include agriculture and forestry as main sectors, transport and energy infrastructure, rural tourism, and nature conservation as a 'regulatory activity' occupying land. Any policy change in one of these areas has the potential to also induce considerable land use changes in the other sectors. In particular, transnational land use policies can substantially influence market regimes in all affected sectors (Plummer 2009 ).
Because many European policies are related to land use through financial measures, the analytical link between policy options and land use changes has predominantly been economically based (Troy and Wilson 2007) . However, land use is placed in a specific biogeophysical and socio-cultural setting that has to be considered when analyzing policy impacts in a sustainability context employing a spatially explicit approach.
Concerns about environmental impacts of changes in land use are not new. Extensive literature exists on land use patterns and intensities and the related environmental impacts, e.g., soil degradation (Pimentel 1993, Boardman and Poesen 2006) , desertification (Reynolds and Staffort Smith 2002, Geist 2005 ), water quality, and biotic diversity (Poschlod et al. 2005) . Interrelations between land use changes and ecosystem robustness and resilience have also been analyzed and modeled (e. g., Metzger et al. 2006) . The role of land use in mitigation of and adaptation to climate change processes is one of the key discussion points in international debate (IPCC 2001 , Graveland et al. 2002 . When compared with economic processes and environmental impacts, social aspects of land use changes are less well understood (e.g., Ojima et al. 1994 , Slee 2007 Rametsteiner et al. 2011) . Also, the integrated and simultaneous analysis of the three sustainability dimensions requires new approaches and a specialization in integrative sciences (Bammer 2005) .
A number of modeling and foresight studies of land use change have recently been undertaken that indeed place land use into the logical chain of driving forces and impacts, the latter usually expressed in indicator changes (Veldkamp and Verburg 2004 , Verburg et al. 2006 , Nelson et al. 2009 ). For example, an advanced ecosystem analysis and modeling project (ATEAM) undertook scenario-based simulations on global climate and land use change impacts on ecosystem vulnerability in Europe . Building upon this study, Klijn et al. (2005) addressed socioeconomic impacts associated with land use changes in the agricultural sector. The method allowed an anticipation of possible impacts of economic trends and policy choices on agricultural developments and related sustainability issues. Van Ittersum et al. (2008) , also focusing on the agricultural sector, developed an approach for multiscale modeling to assess sustainability impacts of agricultural policies. Another study conducted for the European Environmental Agenda (Hoogeven and Ribeiro 2007) developed scenarios for future land use changes in Europe. Designed as a facilitation instrument for public debate on landscape visions, various stakeholders developed a set of antithetical scenario narratives to envision landscape appearance in 30 years time. Extreme and partly shock-based socioeconomic developments and land use decisions were important features of these scenarios.
All of these interdisciplinary studies relate to ex ante analyses of future land use change scenarios based on a number of social, economic, and environmental indicators. This is a considerable advancement to earlier and more disciplinary studies. The role of indicators in these studies is twofold: first, they are means to compile and structure knowledge, i.e., science aspects; second, they express societal and political norms and priorities, i.e., normative aspect (Rametsteiner et al. 2011) . This is to ensure both scientific soundness and policy relevancy. Government lead processes often focus mostly on norm creation, whereas the research oriented processes are dominated by science (e.g., Gamborg 2006 , Frederiksen and Kristensen 2008 , AlkanOlsson et al. 2009 ). Various participatory approaches have been employed to complement the scientific approach with normative, stakeholderEcology and Society 16(1): 27 http://www.ecologyandsociety.org/vol16/iss1/art27/ based perspectives and to set the scientific information in its social context (Gamborg 2006 , Tabbush and Frederiksen 2008 , Alkan-Olsson et al. 2009 ).
With the consideration of indicators of all three sustainability dimensions, these studies go a step further into sustainability assessment compared with earlier, more disciplinary studies. However, indicators are analyzed in parallel with no interaction. The missing links toward a comprehensive impact assessment lie in the integration of the indicator analyses according to the concept of sustainability and a valuation of these impacts in the light of sustainable development criteria . This would allow a discussion based on different perceptions and priorities toward land use change and sustainable development.
One key concept to operationalize sustainable development for land use and landscape development is the concept of multifunctionality (Wiggering et al. 2006 , Cairol et al. 2008 . What was initially a purely economic concept linked to the agricultural sector (Van Huylenbroeck et al. 2007) , was developed to recognize the noncommodities, i.e., environmental and social services, produced in addition to the commodities, i.e., food and fiber, in a primary, market-oriented sector (Maier and Shobayashi 2001) . Approaches were developed to make the concept operational for rural development and policy design (Durand and Van Huylenbroeck 2003 , Bills and Gross 2005 , Kallas et al. 2007 ) by linking the supply-based concept of joint production to an estimation of social demand for such functions. From there, links can be made to impact assessment (Barkman et al. 2004 , Piorr et al. 2006 , Zander et al. 2007 ). However, attempts at an integrated view of sustainability impacts are still rare (Wiek and Binder 2005) . Territorial characteristics and landscape specificities as well as interrelations between different land use sectors also need to be addressed (Wiggering et al. 2003) .
A strongly territorial concept toward sustainability analysis that came up in the area of landscape and ecosystem ecology was the concept of landscape and/or ecosystem functions (e.g., Forman and Godron 1986, Naveh and Lieberman 1994) . The idea was that natural and seminatural ecosystems provide goods and services to human society that are of ecological, socio-cultural, or economic value (Costanza et al. 1997 , de Groot et al. 2002 . Although the concept of ecosystem services was at first purely ecology-oriented and designed for the valuation of natural and seminatural ecosystems (de Groot et al. 2002) , the Millennium Ecosystem Assessment (MA 2003) widened the concept toward socioeconomic aspects by integrating cultivated and urban areas. In the MA, the approach was conceptualized toward the valuation of the world's ecosystems with respect to their provisioning, regulation, supporting, and cultural functions affecting human well-being. It is widely acknowledged as an extensive concept for linking environmental processes to human well-being and services to society (Beck et al. 2006 , TEEB 2009 ). However, its bias toward the environmental dimension may hinder its application for the case of valuating land use changes in the context of sustainable development because it addresses social and economic issues only indirectly as a consequence of environmental changes (Jones et al. 2006 , Schößer et al. 2010 ).
This paper employs a combination of the economybased concept of multifunctionality and the ecology-based concept of ecosystem services to design land use impact assessment in the context of sustainable development. The overall objective was to develop an analytical framework for ex ante assessment of economic, social, and environmental impacts of policy driven land use changes that can be used as an aid to policy making. The tasks were (1) to link policy options with land use changes, (2) to link land use changes with environmental, social, and economic impacts through indicators, and (3) to integrate a valuation approach of these impacts on sustainable development. This paper describes the analytical framework for the implementation of these three steps and provides a thorough discussion of achievements and open challenges related to the framework.
ANALYTICAL APPROACH TO EX ANTE IMPACT ASSESSMENT OF LAND USE POLICIES
The research focused on the ex ante assessment of intended and unintended policy effects on the three sustainability dimensions for the case of land use. The procedure was designed to support policy making on land use at the European level, such that it could be used in the impact assessment process. A number of methodological challenges were Ecology and Society 16(1): 27 http://www.ecologyandsociety.org/vol16/iss1/art27/ associated with the analytical design. The analyses had to be prospective, build across disciplines, sectors, and sustainability dimensions, be spatially explicit, and include the valuation of simulated environmental, social, and economic effects in terms of sustainability impacts. Land use changes include changes of land cover, land use intensity and patterns, land use purposes, e.g., corn for fodder production or for bioenergy production, and land property rights. In essence, three consecutive questions had to be answered ( Fig. 1 ):
1. What kind of land use changes are to be expected as a consequence of policy intervention?
2. Where will the expected changes take place and what environmental, social and economic effects would they induce?
3.
Will the expected effects matter in terms of regional sustainable development?
The method used was to adapt and extend the DPSIR causal framework to the specific needs of ex ante impact assessment. The DPSIR framework was developed by the European Environment Agency (EEA) by extending an earlier version initially developed by the Organisation for Economic Co-operation and Development (OECD; Gabrielson and Bosch 2003) . It was developed for the assessment of the relations between human activities and the environment and is comprised of the following elements: driving forces, pressures, states, impacts, and responses (Gabrielson and Bosch 2003) . The approach has since been used in many studies where interaction between human behavior and environment was at stake (Niemeijer and de Groot 2006) . It is particularly useful when scientific process knowledge has to be translated into knowledge for policy support, such as in the Thematic Strategy for Soil Protection of the European Commission ( Van-Camp et al. 2004) . As a tool for improved communication at the interfaces of research and policy as well as to the stakeholders, the DPSIR framework has been found to have an implicit bias toward the environment (Svarstad et al. 2008) . The specific strength of the concept lies in its adaptability to many different objectives and scales of analysis. The focus in this case was laid on rural landscapes.
In the context of policy analysis, there are two sets of external Drivers: those drivers that span a future socioeconomic and technological reference situation, and policy drivers. The consequential land use change is defined as the Pressure that is affected by both mentioned drivers. The role of States is taken by social, economic, and environmental characteristics that are affected by land use changes. They are quantified by indicators. Sustainability Impacts are meant to be derived by aggregating these indicators and translating them into services to society, which are provided through land use. They can then be valued by experts and stakeholders against sustainability perceptions. In this way, the analysis chain departs from a predominantly socioeconomic and economic setting (Drivers) that is translated into a geophysical setting (land use Pressures) and through the effects on environmental, social, and economic conditions (State) further into an integrated system of the social, economic, and environmental assessment (sustainability Impacts). Whereas the first two steps follow a mainly positivist approach, the third step is mainly normative in nature.
In its logical setting of the Impact Assessment procedure for European policy making (CEC 2009), the Response component would be covered by policy decisions in reaction to simulated impacts, thus completing the DPSIR cycle. Because these decisions were exogenous to this research, the component of Responses was not taken up in this analytical design.
Step 1: Translating drivers into pressures: What land use changes are to be expected?
Scenarios were developed to bundle the relevant driving forces into a future reference situation, against which the impact of a specific policy can be assessed. In other words, a reference scenario was necessary to present land use conditions that would be expected to develop in the absence of any policy intervention. A projection year of 2025 was selected to meet the policy makers' requirements for medium term perspectives.
Five driving forces were identified that together determine the economic situation in Europe within the projected time line. The driving forces selected were (1) demographic changes in Europe, (2) participation rate in the labor force in Europe, (3) growth of world demand, without considering Europe, (4) oil prices at the world market, and (5) expenditure on research and development, i.e., technological advance. Climate change related parameters were not considered because current predictions state that it will not have significant impact on land use within the time span of the next 15 years (until 2025) considered in this research (IPCC 2001 , 2007 , Wiggering et al. 2008 . Based on these driving forces, a storyline could be constructed for the year 2025 that would stand as a reference for a continuum of possible economic futures without a change in policies.
This setting was chosen as a reference scenario that allows policy scenarios to be analyzed against it. A selection of policy choice instruments for environmental, agriculture, forestry, transport, and bioenergy policy fields was then built to be able to determine the policy interventions that act as a second set of driving forces upon the business as usual scenario ( fig. 2 ).
Scenario simulations were realized on the basis of quantitative modeling by coupling a macro econometric model (NEMESIS; Fougeyrollas et al. 2001) with sector models for agriculture (CAPRI; Heckelei and Britz 2001) and forestry (EFISCEN; Karjalainen et al. 2003) . Models for the sectors tourism, urbanization, and transport and energy infrastructure were built directly into the macroeconomic model ).
Resulting economic forecasts were then translated into land use simulations by linking sector models with a land use model (CLUE-S; Verburg et al. 2002) .
The coupling of models resulted in a model chain that calculates the reference scenario as a business as usual scenario based on all five selected driving forces. The economic trend scenarios as well as the policy scenarios derived from the policy cases were translated into land use changes in a spatially explicit way at 1 km² grid level for eight land use classes by the model. The selected eight land use classes were (1) rainfed arable land, (2) irrigated arable land, (3) land devoted to biofuels, (4) grassland, (5) abandoned agricultural land, (6) builtup land, (7) forest, and (8) seminatural land. Special classes with little temporal dynamics such as beaches, glaciers, bare rock, and surface waters were summarized into an extra category ).
Step 2: Translating pressures into states: Where will land use changes take place and what will they effect?
For the analysis of the effects of policy induced land use changes on social, environmental, and economic
Ecology and Society 16(1): 27 http://www.ecologyandsociety.org/vol16/iss1/art27/ Fig. 2 . Scenario design in the analytical approach: a suite of five socioeconomic driving forces constitute an economic trends scenario (upper left), which describes the reference for the choice of policy scenarios to act upon (upper right). Together they determine the land use change scenarios (lower right).
conditions, an indicator-based approach was employed. To be policy sensitive and to comply with the requirements of the impact assessment procedure for European policy making (CEC 2009) the selection of indicators was closely linked to the list of impact issues that is contained in the official guidelines for impact assessment of the European Commission (CEC 2009). All impact issues of that list were analyzed with respect to their relevancy in the land use context. If relevant, indicators were selected that best describe the respective impact issue. Indicators were preferably selected from existing indicator systems (Frederiksen and Kristensen 2008) .
Further indicator selection criteria were: (1) sensitivity to the above mentioned land use types, (2) sensitivity to the reference and policy scenarios, (3) sensitivity in relation to the chosen time frame and spatial system based on the 'Nomenclature of Territorial Units for Statistics' of EUROSTAT that subdivides the European member states into units following administrative boundaries (regional, NUTS 2/3 scale), and (4) data availability and operability. Indicators were chosen in such a way that the selection is balanced across the three sustainability pillars. In total, 50 indicators were selected so that each of the relevant impact issues of the European Commission Impact Assessment Guidelines could be described with at least one indicator (Table 1) .
Generally, indicators were quantified at NUTS 2/3 scale or with higher (1 km²) resolution and reaggregated to NUTS 2/3. Deviation occurred for some of the social and economic indicators for which data restrictions only allowed for indicator determination at the national level. In those cases, results were only displayed at the national level. All indicators were determined for the entire area of the 27 European Union member states. For indicator determination (calculation) the outputs from the above mentioned scenario calculations were used. In some cases additional static data were needed. To allow for reproducibility and automation, solely publicly available data and model outputs were used for indicator determination. Qualitative methods for indicator determination were employed in cases where knowledge and/or data restrictions made quantifications impossible . Methods for indicator determination were based on state of the art knowledge rules and models (Bach et al. 2008) . Of the 50 indicators suggested, in total 23 indicators could be determined based on the (Costanza and Farber 2002) . Second, the normative complexity of stakeholder perceptions toward impact valuation is difficult to capture. The latter is particularly important to adequately embrace the value-based character of the sustainability definition (WCED 1987) . Consequently, a nonmonetary, stakeholder inclusive approach was favored in this study. It is based on the concept of Land Use Functions, which is used to aggregate the complexity of indicator results into an operational basis that is comprehensible to stakeholders. They value the anticipated changes according to the importance of the Land Use Functions in their specific regional context. This procedure is described in the following sections.
Land Use Functions (LUF) were defined as those goods and services that are produced through land use in its interaction with the geophysical and sociocultural capital of the landscape and that summarize the most relevant societal, economic, and environmental issues of a region . Three LUF were defined for each of the three sustainability dimensions (Table 2) . To overcome the strict separation between the sustainability dimensions, each of the LUF has its value also for the two other sustainability dimensions. The LUF approach combines the concepts of multifunctionality and of ecosystem services thereby allowing for an equal consideration of the three sustainability dimensions in a fully spatial context. Three perspectives were considered: (1) the land use perspective, (2) the landscape perspective, and (3) the societal perspective (Fig. 3) . The land use perspective represents the production side of land use functions. This is the dynamic perspective in which land use changes are introduced through policies and management decisions. To determine the Land Use Function, linear additive models were used to weigh and aggregate selected indicators to Land Use Functions allowing the evaluation of impacts at an international scale, e.g., the European Union, or on selected regions (Paracchini et al. 2011 ). The latter is based on a Spatial Reference System that clustered Europe into 30 regions employing socioeconomic and geophysical parameters (Renetzeder et al. 2008) . The indicator aggregation procedure included (1) quantifying the contribution of each indicator to each LUF, and (2) developing knowledge rules to assess the importance of each LUF for the sustainability of each region. The latter allowed the introduction of a regional specificity into the interpretation of indicators (Paracchini et al. 2011) .
In displaying the land use policy induced changes on Land Use Functions, alternative policy options can be valuated and compared in their implication to these functions simultaneously. The LUF valuation is therefore a normative, participatory approach of valuation that consolidates the assessment results into a sustainability interpretation. The attribution of perception is done by the group valuation method, allowing the quantification of http://www.ecologyandsociety.org/vol16/iss1/art27/ Mainly societal land use functions 1. Provision of work: employment provision for all activities based on natural resources, quality of jobs, job security, and location of jobs (constraints, e.g., daily commuting).
2. Human health & recreation (spiritual & physical): access to health and recreational services, factors that influence service quality.
3. Cultural: landscape aesthetics and quality, and values associated with local culture.
Mainly economic land use functions 4. Residential and land independent production: provision of space where residential, social, and productive human activity takes place in a concentrated mode. The utilisation of the space is largely irreversible because of the nature of the activities.
5. Land-based production: provision of land for production activities that do not result in irreversible change, e.g., agriculture, forestry, renewable energy, and land-based industries such as mining.
6. Transport infrastructure: provision of space used for roads, railways, and public transport services, involving development that is largely irreversible.
Mainly environmental land use functions 7. Provision of abiotic resources: the role of land in regulating the supply and quality of air, water, and minerals.
8. Provision of habitat: factors affecting the capacity of the land to support biodiversity, in the form of the genetic diversity of organisms and the diversity of habitats.
9. Maintenance of ecosystem processes: the role of land in ecological supporting functions such as soil formation and energy buffering.
preferences ). This provides the first point of discussion in stakeholder workshops. As a result, the assessment of land use change impacts funneled into an estimate of changes of the performance of these nine Land Use Functions. The impacts were then assessed by comparing the performance of the Land Use Functions with and without policy intervention. In this way, a trade-off analysis can be derived (Morris et al. 2008) . The procedure can be applied with different stakeholder groups, depending on the specific objective, ranging from, e.g., policy makers at European level, i.e., decision makers, and stakeholders in a specific affected region, i.e., decision takers.
The output, i.e., stakeholder-based valuations of the modeling chain, indicator results, and respective Land Use Function changes, can be communicated to the decision maker. Policy decisions in reaction to the simulated impacts and stakeholder valuations would complete the DPSIR cycle with the Response component. While exemplary results of the impact assessment framework application are summarized in a second paper (Helming et al. 2011) , this paper continues with a reflexive discussion of the framework developed.
DISCUSSION
Impact assessment in the European Union is a broad process, through which policies are developed (Tscherning et al. 2008) . In 2002, the Commission introduced impact assessment as a formalized procedure to structure the way policies are developed and their implications are assessed (CEC 2009 ). Practices of impact assessment have evolved and changed since the beginning of our research reported here, however, the basic procedure can be described in six steps: (1) identification of the problem, (2) definition of objectives, (3) development of policy options, (4) analysis of impacts, (5) comparison of options, (6) outlining of policy monitoring and evaluation (CEC 2009 ). To guarantee a certain standard, impact assessment guidelines make specific suggestions on how to deal with each step in this process. Several administrative units are in charge of assisting the policy development procedures. Besides adaptability and flexibility to emerging information needs, the complex and interdisciplinary nature of causal chain relationships behind the assessment questions was one of the biggest challenges in supporting impact assessment with evidence-based research.
We found that the adaptation of the DPSIR causal framework to the specific needs of ex ante impact assessment of economic, social, and environmental aspects of land use change was very useful particularly regarding interdisciplinary communication on the research side. It has proven successful for setting up a structure for an integration of disciplinary research that is policy oriented from the start. It captures the full causal chain from land use driving forces to its impacts and it is directly linked to a policy question. The outputs can feed into steps (4) analysis of impacts, and (5) comparison of options in the process of carrying out the impact assessment.
Although each discipline offers just a partial view on the impacts without considering the relation of the systems, it is a precondition in natural resource management to have an eye for the environmental, economic, and social impacts of regulatory initiatives (Buanes and Jentoft 2009) . By using the Land Use Functions as an aggregated application of an indicator framework, we see a successful integration of indicators balanced across the three pillars of sustainability on the level of land use. Land Use Functions are a pragmatic way to identify and classify sustainability issues related to land use change on the regional scale, and to communicate to decision makers trade-offs between environmental, economic, and social issues resulting from land use changes (Schößer et al. 2010 ). Effects and trade-offs not initially anticipated by policy makers can be revealed and taken into account. The process is under more control if possible indirect effects are taken into consideration early on, but this requires a broader view in the decision making situation (Buanes and Jentoft 2009 ).
The understanding of socioeconomic and cultural drivers should be broadened, and it is pivotal to the http://www.ecologyandsociety.org/vol16/iss1/art27/ proper analysis of social, economic, and cultural conflicts that surround the issue in focus. Thus, there is a particular need for elaboration of methodology to address attitudes and definitions of the problem held by stakeholders and the general public (Svarstad et al. 2008 ).
Given the current procedure of policy making at European Union level, stakeholders have an institutionalized direct influence neither on policy drafting nor on impact assessments. However, they are consulted and they lobby the various sectoral Directorates-General as well as the European Parliament and Council. Diffuse interests search for access to the European Parliament, also preferably targeted by environmental NGOs, rather than the Commission whereas the reverse is true for specific interests. Stakeholders often have deep knowledge of the issues at stake. Their professional success and remuneration is linked to an understanding of how sectoral interests find their way into policies. Their information processing capacities depend on the resources that the sector provides for interest representation. The representation of environmental interests is often much less resourceful than the representation of economic interests (Thiel 2009 ).
Although stakeholders have an impact on policy making through the lobby and consultation processes, this impact is informal and lacks institutional methods integrated into the process. When applied to steps (4) analysis of impacts and (5) comparison of options, the analytical framework reported here was found to be a useful basis for stakeholder consultations. In comparison with other approaches to impact assessment, this framework includes an additional step in assessing the normative value of land use changes. The normative valuation was accomplished by stakeholder participation. This translation into an anthropocentric view supports a political discussion and opens opportunities for an institutionalized stakeholder inclusion into the impact assessment process.
What is not covered with this framework is the dialogue at the science-policy interface. From the start, the response component was omitted because the decision making falls under the responsibility of the policy maker, the user of the analytical framework. However, even before coming to the response component of the process, a dialogue could take place between researchers and policy makers about the policy objectives and the outcome of the integration of results and the valuation process with the stakeholders (Weaver and Jordan 2008.) . This dialogue affords further research for better communication models (Pregernig 2006) .
The challenge remains to integrate complex systems knowledge into clear, easy to comprehend information on the one hand, while maintaining necessary detail about sensitive systems relations on the other. To be useful in the decision making processes, assessment approaches should be designed in close cooperation with the potential user, and applied and tested in actual policy and decision making processes (Schößer et al. 2010) .
One difficulty in the science-policy dialogue is the quantification of impacts. Monetarization is discussed in context of the concept of Ecosystem Services, and the discussion was raised also during the application of the analytical framework described here. The concept of ecosystem services focuses mainly on economic impact of their marginal indicator change, whereas Land Use Functions provide a rather comprehensive perception of policy impacts, which rather fits to the holistic concept of sustainable development. The question was, whether a monetary valuation would make the approach more appealing for policy making and it seems true that policy makers are moved mainly by economics. Although the method of monetarizing marginal values leads to a systematic underestimation of the capital of natural resources, a monetarization of the Land Use Functions could lead to an appreciation of the value of the goods and services provided, because natural resources can only fulfill their functions as long as various critical stocks are permanently maintained. The monetary valuation at the level of Land Use Functions rather than at the level of individual indicators could be subject for future studies.
A limitation was found in the mechanistic, deterministic, and often linear linkages from land use change to social, economic, and environmental impact indicators. The study reported here employed state of the art knowledge and applied it to existing data. However, despite data shortages there is as yet not enough knowledge about nonlinearity, uncertainties, and probabilities regarding the impact of land use changes on social, economic, and environmental processes and their spatio-temporal extents. Nor are there sophisticated indicators that adequately consider uncertainties and nonlinearities of the dynamics of the phenomenon that is to be indicated (Wiggering and http://www.ecologyandsociety.org/vol16/iss1/art27/ Müller 2004). More disciplinary research is warranted here that can advance the knowledge base upon which interdisciplinary studies such as those for impact assessment can build. Also, modeling activities focusing on interdependencies between land use change and landscape processes have to be intensified (Claessens et al. 2009 ).
CONCLUSION
The analytical framework for impact assessment reported here provides a chain of analysis that departs from a predominantly economic setting, i. e., drivers, which is translated into a geophysical setting, i.e., land use pressures, and further into an integrated system of the social, economic, and environmental settings, i.e., sustainability impacts. The processed information was meant to feed discussions in the frame of impact assessment processes through multiple scenario comparison.
The adaptation of the DPSIR concept is a technocratic approach to impact assessment that was chosen for reasons of clarity, reproducibility, and potential for integrating all three dimensions of sustainability. However, the framework does not cover the dialogue at the science-policy interface sufficiently to be effectual for the political process of impact assessment. Still, we find the analytical framework to be an adequate basis for an integration of data for decision making purposes. Applied together with communication tools, the framework can very well be applied for an improvement of the dialogue at the science-policy interface. The framework was initially developed for the conditions of the European Union member states. Adaptations of the framework or its parts to other regions of the world were performed for China (Zhen et al. 2009 ) and Indonesia (König et al. 2010 ).
The method aimed at integrating top-down data and indicator based modeling with bottom-up, value driven participatory approaches. The translation of the analytical architecture for decision support will help policy makers to comprehend the possible impacts of various scenario-based choice options. The major difference to other approaches lies in the handling of modeling and indicator results. In this framework, modeling and indicator results are aggregated to Land Use Functions, which are the quantitative input into the qualitative valuation process that is furthered by a discursive dialogue with stakeholders. 
